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ABSTRACT

Multiscale phenomena are ubiquitous to flow and transport in porous media. They manifest
themselves through at least the following three facets: (1) effective parameters in the governing
equations are scale dependent; (2) some features of the flow (especially sharp fronts and
boundary layers) cannot be resolved on practical computational grids; and (3) dominant
physical processes may be different at different scales. Numerical methods should therefore
reflect the multiscale character of the solution. We concentrate on the development of
simulation techniques that account for the heterogeneity present in realistic reservoirs, and have
the ability to solve for coupled pressure-saturation problems (on coarse grids).

We express the governing equations of multiphase flow as a pressure equation (of near-elliptic
nature) and a saturation equation (quasi-hyperbolic equation). Both are nonlinear, but only
weakly coupled. We propose a variational multiscale (VMS) method for the solution of the
pressure equation, which splits the original problem rigorously into a coarse-scale problem and
a subgrid-scale problem. A high-order finite volume method is used to solve the saturation
equation.

The proposed VMS method employs a low-order mixed finite element method at the coarse
scale, and a finite volume method at the subgrid scale. We identify a weak compatibility
condition that allows for subgrid communication across element interfaces, which turns out to be
essential for obtaining high-quality solutions. We also introduce an effective, locally
conservative formulation of multiscale sources (wells) that relies on a decomposition of fine-
scale source terms into coarse and deviatoric components, and on the definition of multiscale
“well” basis functions. The saturation equation is then solved on the fine scale by a high-
resolution explicit finite difference method. In the course of the simulation, adaptivity is used to
minimize the number of shape functions that need to be updated for the solution of the pressure
equation.

The proposed approach provides highly accurate solutions to flow scenarios that display
viscous fingering and channeling, with challenging permeability fields and concentrated fine-
scale source terms
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